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Abstract: A total of 94 isolates of endophytic fungi were isolated from the bark of 200-yr.-old Taxus cuspidata Sieb. et Zucc.In 
the primeval forest of the Changbai Mountain Natural Reserve, and 19 species of endophytic fungi were identified, including 10 
new recorded-genus-species, 2 new species (Phomopsis longiscoleosporu Y. Xiang et Lu An Guo Wu Wen Fang, Coniothyrium 
macrospoum Y. Xiang J.X. et Lu An Guo Wu Wen Fang), 1 new varied species ( Alternaria alternata (Fr.) Keissler var. taxi Y. 
Xiang et Lu An Guo) and 6 known species of China (Eurotium amstelodomi Mgngin, Eurotium repens de Bary, Botrytis sp., 
Penicillium citrinum Thom, Epicoccum nigrium LinK, Fusarium sp ). Through thin layer chromatography (TLC), liquid fermenta¬ 
tion metabolite of the strains was determined, and four strains (Alternaria alternata (Fr.) Keissler var. taxi Y. Xiang et Lu An Guo 
Wu Wen Fang, Botrytis sp., Eurotium amsteloodomi Mgngin, Eurotium repens de Bary) were screened out, whose metabolites 
reacted positively with the vanillic aldehyde that was one special taxoid developer. Among the four strains, Alternaria alternata 
(Fr.) Keissler var. taxi Y. Xiang et Lu An Guo, produced one compound largely, which positively reacted with one alkaloids de¬ 
veloper—Bismuth potassium iodide. The compound is identified as taxoids type through spectrum analysis. This demonstrates 
that Alternaria alternata (Fr.) Keissler var. taxi Y. Xiang et Lu An Guo can highly produce taxoids largely. 
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Introduction 

Endophytic fungi are widely found in almost all kinds of 
plants, and their species composition and numbers are 
affected by ages of plants, environment factors, etc. Many 
endophytic fungi can produce some physiological active 
compounds, which are same or analogy with those isolated 
from their hosts. The novel anticancer medicine Taxol is a 
physiological active compound isolated from the bark of 
Taxus, but it is difficult to be extracted significantly owing to 
little content of physiological active compound in the bark of 
slowly growing Taxus. Recent studies showed that many 
endophytic fungi living in plants of Taxus, including Taxus 
brevifolia Nutt., T. yunnanesis Che et L.K. Fu, T. wal- 
lichiann Zucc., could produce taxol (Fisher et at. 1993; 
Flelander etal. 1993; Strobel et al. 1993; Strobel etal. 1996; 
Guo 2001; Xiang 2002, 2003). This gives a new method in 
resolving resource limitation and searching alternative taxol 
source. Unfortunately, the yield of taxol is too iow to 
achieve production in industrial level. In this paper, many 
endophytic fungi isolated from the bark of over 200-year-old 
Taxus cuspidata Sieb. et Zucc. in the primeval forest of the 
Changbai Mountain Natural Reserve are identified for 
determining their taxons, based on isolation and screening 
of Taxus cuspidata. endophytic fungi (Xiang 2002). 
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Taxus cuspidata. endophytic fungi (Xiang 2002). 

Materials and methods 

Sources of Taxus specimens 

Isolation specimens were collected from Taxus cuspidata 
Sieb. et Zucc. in the primeval forest of the Changbai 
Mountain Natural Reserve. From 1996 to 2000, the bark 
specimens of different tissues of T. cuspidata. were col¬ 
lected, numbered and reserved in paper bags. 

Media 

The following media were prepared and used in the ex¬ 
periment. 

Mediasolid-state media 

(1) PDA: lEOO-g potato, 20-g glucose, 20-g agar, and 
1000-mL distilled water, with natural pH. Sterilization was 
carried out at 121 °C for 20 min. 

(2) Ciaolk’s Agar: 30-g sucrose, 3-g NaN0 3 , 0.5-g KCI, 
0.01-g Fe2(S04) 3 , 0.5-g MgSC>4, 1-g KH2PO4, 20-g agar 
and 1000-mL distilled water, with natural pH, sterilized at 
121°C for 20 min. 

(3) Corn meal-Sucrose Agar: 40-g Corn meal, 10-g su¬ 
crose, 20-g agar and 1000-mL distilled water, with natural 
pH, sterilized at 121°C for 20 min. 

Liquid production media 

(1) Seed medium was prepared with glucose (20 g), 
peanut (10 g), powder (10 g), MgS0 4 (3 g), KH2PO4 (3 g), 
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NH4CI (3 g) and distilled water of 1000 mL, with natural pH, 
and sterilized at 121 °C for 20 min. 

(2) Production medium: glucose (10 g), peanut powder 
(10 g), soybean powder(10 g), starch (10 g), MgSC>4(3 g), 
KH2PO4 (3 g), NH4CI (3 g) and distilled water of 1000 mL, 
with natural pH, were used and sterilized at 121 °C for 20 
min. 

Methods 

Isolation and identification of endophytic fungi 

(1) Isolation: The specimens of T. cuspidata were dipped 
in 75% ethanol for 1 min, and flamed on burning alcohol for 
15 s. The inner section excised surface layer was put on 
the PDA solid media with antibiotic, such as, 100 pg/mL 
penicillin or 40 pg/mL streptomycin, or on the other solid 
media in Petri dishes, and incubated at 25 °C in the dark for 
some days. The tip of fungal hypha growing out from the 
inner bark was incubated at 25 °C and cultured onto the 
fresh PDA in culture tube. After several times of repeated 
subculture, the isolates were obtained. 

(2) Identification: The ontogeny characteristics of hypha, 
conidiogenous structure, conidia during the culture were 
observed and described through direct-pick processing and 
slide-insert culture (Fang 1979). The genus and the species 
of the endophtic fungi were discerned, based on the litera¬ 
ture retrieving (Barnett et al. 1972; Ainsworth et al. 1973; 
Von Arx. 1974). 

Screening and structure identification of fermentation me¬ 
tabolite 

The isolates were screened through TLC method. Target 
strains were screened by three following methods: i) the 
thin layer slates were directly examined under UV lights 
with 253.7 nm and 376.5nm; ii) NO.1 developer vanillic 
aldehyde was sprayed on the thin layer slates, then the thin 
layer slates were heated at 100 °C for 8 min; iii) Developer 
dilute potassium bismuth iodide was sprayed on the thin 
layer slates. The fermentation metabolites were extracted, 
separated, and purified by the methods of solvent extrac¬ 
tion, TLC and column chromatography respectively. The 



structures of the metabolites were detected by methods of 
Ultraviolet scanning, Infrared scanning, MS and NMR 
(Xiang 2002, 2003). 

Results 

Isolation and identification of strains 

A total of 94 isolates were isolated from the bark of Taxus 
cuspidata and 19 species were identified, composed of 2 
novel species, 1 novel varied species, 6 species known in 
China and 10 novel recorded-species in China. 

Description of the new species 

(1) Alternaria alternata (Fr.) Keissler var. taxi Y. Xiang et 
Lu An Guo var. nov. 

Characteristics: Colonies cultured on PDA at 25-28 °C, 
were round and wooly. The mycelium was dense and 
massive and extended rapidly, and then turned initially 
white to grayness in colors. Culture medium gradually 
turned to blackish green and substratum turned black. Hy- 
phae turned from buff to brown in colors, with septum. Co- 
nidiophores had the color from buff to golden-brown, and 
were unbranced, flat or cured and smooth in shape, which 
had 1-3 septum transversums. Conidiophores (20-40x3-6 
pm) had one single pore on the terminal and usually had 
slightly swollen basal-cells yielding conidium-chain. Conidia 
were from light-yellow-brown to golden-brown in colors, 
which are ovoid, upside down club, upside down pear or 
occasionally ellipse in shape, with pore on the basis. Ellipse 
conidia do not have beaks, or have short vertebra on the 
terminal without pore, or have club shape beaks. The club 
shape beaks is 2-4 pm in diameter, 10 pm for the longest, 
and is usually 1/4-1/3 length of conidia. Conidium, 
(10-)15-34x(5-)7-12 pm, had(1-)3-8 septum transversums, 
of which 1-6 cells were divided by 1-2 mediastina. On the 
base of conidiophore, one inclined septum is usually to 
divide the basal-cell and conidium-wall is smooth. Acropetal 
conidium-chain has 5 conidia (Neergaard 1945; Ellis 1971; 
Simmons 1992, 1993, 1995, 1998, 1999), (Fig. 1). 



Fig. 1 Alternaria.alternata (Fr.) Keissler var. taxi Y. Xiang et Lu An Guo 

1. Hyphae, conidiophores, proliferating conidium, and conidium-chain x 470; 

2. Branching conidium-chain and beaklss (pseudorostrate) x 390; 

3. Conidia and beakless (pseudorostrate) x 300. 
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Fig. 2 Phomopsis longiscoleospora Y. Xiang et Lu An Guo,Wu Wen Fang 

1. Conidomata x 13; 

2. Conidiophores and conidiogerenous cells’ A-elipse or short cylinder conidia x 190; 

3. A-elipse or short cylinder conidia and B- scolecospores x 390. 



Fig. 3 Coniothyrium macrospoum Y. Xiang et Lu An Guo.Wu Wen Fang 

1. Hyphal and process of new pycnidia in culturex140; 

2. Pysnidia in culturex140; 

3. Conidiax720. 


Host and source: These strains were isolated from the 
bark of Taxus cuspidata in the Changbai Mountain Natural 
Reserve in Jilin province of China, in July 2000. Type 
specimens (HSSPD 1007, 1011, 1013) were preserved in 
Bioengineering and Biotechnology Pharmaceutical Teach¬ 
ing-Research Department of Shenyang Pharmaceutical 
University. 

Discussion: Alternaria alternata has a strong saprophytic 
specificity. The range of host is widespread, and the 
shapes of its conndia are easily influenced by environment 
factors. According to the culture conditions of Simmons, in 
the same environment, the length and spatial structure of 
the conidium-chain can be regarded as the important 
foundation of classifying species. The conidium-chain of 
Alternaria alternata isolated from the bark of Taxus cuspi¬ 
data. is shorter and usually have only 5 conidia. The beak is 
short and sketchy and its metabolite is different from that of 
representative species. This variety is firstly reported in the 
studies on Taxus. 

(2) Phomopsis longiscoleospora Y. Xiang et Lu An Guo 
Wu Wen Fang sp. nov. 

Characteristics: Colonies cultured on PDA at 25 °C were 
round, wooly, and radiate extension, and showed gray 


white in colors in initial stage and dust-colour on the re¬ 
verse side in later stage. On the surface of colonies there 
were many globose or warty pycnida with a pore on apex, 
and yellow spore masses effused from pore. Mycelium was 
lightly brown to yellow brown. Ripe stromata with one pore 
and thick-wall, were brown in color, subglobose in shape, 
1.5-2 mm in diameter and 0.5-1 mm in height. Stromata’s 
cavity wall histo-cells were brown and turned gradually 
hyaline or light. Conidiophores (19-29x4-5.5 pm) from the 
surrounding of the cavity wall, branched or did not 
branched. At the terminal of main branches or lateral 
branches (bottle conidogenous cell) near the transverse 
septa of conidiophores there were two types of conidia: (1) 
ellipse or short cylinder conidia (6-9x2-2.4 pm), are unicel¬ 
lular, hyaline, with two ends tapering, two oil drops. (2) 
scolecospores are long-and-thin, curved unicellular, hyaline, 
40-60 (50-70) xl-1.5pm, with one or two oil drops (Sac- 
cardo 1884; Von Hohnel 1911; Grave 1935; Wollenweber 
et at. 1936, Sutton, 1980; Decker 1988), (Fig. 2). 

Host and source: These strains were isolated from the 
bark of Taxus cuspidata, in the Changbai Mountain Natural 
Reserve in Jilin Province of China, in July 2000. Type 
specimens (HI015, 1020) were preserved in Bioengineer- 
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ing and Biotechnology Pharmaceutical Teaching-Research 
Department of Shenyang Pharmaceutical University. 

Discussion; Forty species in Phomopsis have been re¬ 
ported Their scoiecospores were about 40 pm long and had 
one oil drop. Among them only one species Phomopsis 
landeghemiae (Sacc.) von Hohnelabout was found growing 
on the shoots of Philadelphus cororaryus. 

(3) Coniothyrium macrospora Y. Xiang et Lu An Guo Wu 
Wen Fang sp. nov. 

Characteristics: Flat colonies cultured on PDA at 25°C 
were gray in initial stage, and turned black gradually, with 
thick black particles and shiny surface. Septate mycelium 
was lightly brown, yellow brown to brown in the color. 
Pycnidia embedded or partly-embedded (160-276x69-161 
pm) are broadly globose in the shape. On the apex of 
pycnidia, annellidic conidiogenous cells (4-9x3-5 pm) were 
ring-trace. Conidium with many patches on the surface 
were globose and ellipse or ovoid in the shape, and lightly 
yellow brown in the color (Saccardo 1884; Diedicke, 
1912-1915; Archer 1926; Grave 1935; Biga et al. 1959; 
Sutton 1980) (Fig. 3). 

Host and source: These strains were isolated from the 
bark of Taxus cuspidata, in the Changbai Mountain Natural 
Reserve in Jilin Province of China, in July 2000. Type 
specimens (HI026) were preserved in Bioengineering and 
Biotechnology Pharmaceutical Teaching-Research De¬ 
partment of Shenyang Pharmaceutical University. 

Discussion: About 40 species have been reported in 
Coniothrium, but Coniothyrium macrospora Y. Xiang et Lu 
An Guo Wu Wen Fang sp. nov is first reported in this study 
to be live on Taxus so far. The conidia of this species are 
bigger, which is obviously different from the other members 
in the genus. 

The other known species in China 

(1) Eurotium amsteloodomi Mgngin. The anamorph is 
Aspergillu vitis Novor. (Tong1997) and the serial number of 
strain was 1001. 

(2) Eurotium repens de Bary. The anamorph is Aspergil¬ 
lus reptans Samson & Gams. (Tong 1997) and the serial 
number of strain was 1003. 

(3) Botrytis sp. (Barnett et al. 1972; von Arx., 1974). The 
serial number of strain was 1014, 1021 and 1027. 

(4) Penicillium citrinum Thom (John 1979). The serial 
number of strain was 1018. 

(5) Epicoccum nigrium LinK. (Wei 1979). The serial 
number of strain was 1024. 

(6) Fusarium sp. (Barnett et al. 1972; von Arx., 1974). 
The serial number of strain was 1017. 

Screen of strains 

(1) The strains that theirs fermentation metabolites re¬ 
acted positively with taxoids developer - the vanillic alde¬ 
hyde were Eurotium amstelodomi Mgngin 1001, Eurotium 
repens de Bary 1003, Alternaria alternata (Fr.) Keissler var. 
taxi Y. Xiang et Lu An Guo 1011, and Botrytis sp.1014 in 


turn. 

(2) The strain that theirs fermentation metabolites re¬ 
acted positively with dilute bismuth potassium iodide was 
Alternaria alternata (Fr.) Keissler var. taxi Y. Xiang et Lu An 
Guo 1011. 

The determination of Target strain 

Through the screen of all the above strains, the metabo¬ 
lites of Alternaria alternata (Fr.) Keissler var. taxi Y. Xiang 
et Lu An Guo 1011 were steady. A component of the fer¬ 
mentation metabolites of Alternaria alternata (Fr.) Keissler 
var. taxi Y. Xiang et Lu An Guo 1011 could react with the 
vanillic aldehyde to show purplish red in the color and its 
content is more. This component had a UV absorption un¬ 
der 253.7 nm and 365.0 nm, so it is easy to differentiation 
and collection. This component also can react with the 
dilute bismuth potassium iodide to show purplish red in the 
color, and this strain was determined as target strain. 

The structure of the fermentation rfietabollte of target 
strain 

The strain (Alternaria alternata (Fr.) Keissler var. taxi Y. 
Xiang et Lu An Guo Wu Wen Fang 1011) was screened by 
studying the strains’ metabolites. The compound produced 
by Alternaria alternata (Fr.) Keissler var. taxi Y. Xiang et Lu 
An Guo 1011, was separated, purified from its liquid fer¬ 
mentation metabolites and was named compound I. 
Through spectrum Analysis, ultraviolet scanning, vanillic 
aldehyde developing, dilute bismuth potassium iodide (al¬ 
kaloids developer) developing, the chemical structure of 
compound I was identified as one kind of taxiods type III. 
The chemical name of compound I is: 2-oxygen ethyl-5- 
ethylamine-7, 10- dihydroxy-20- [4-2,6 (oxygen 
ethyl-benzene)-l ,3-diene]-4,20-diene-paclixtel-11 -monoen 
oic -9, 13-diketon (Fig. 1, Fig. 2). The above results show 
that the strain can highly produce taxoids. 

Discussion 

According to literatures, the distribution of endophytic 
fungi in their hosts is affected by many factors, such as, the 
age of trees, the season, the height above sea level, and 
the number of specimens. The species number of endo¬ 
phytic fungi in their hosts is also different. In order to ac¬ 
quire more useful endophytic fungi, more collection places 
and sites should be added, including trunks, main branches, 
slight branches and so on, thus obtaining more strains of 
endophytic fungi. 

The strains of endophytic fungi are easy to present 
variation as increasing of subculture times. For preventing 
aging and degeneration of strains, it is important to control 
culture times, reduce times of subculture, and to do well in 
isolation, rejuvenescence and preservation. 

The specimens for isolation are usually contaminated by 
the other germs living in the air and on the surfaces of the 
plants. In order to get rid of other useless germs and insure 
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the purity of endophytic fungi of the host, we added the 
bacterial inhibitor to the medium, and sampled from the 
inside of the specimens that have been disinfected to the 
utmost. 

Nineteen endophytic fungi were isolated from Taxus 
cuspidata, besides two of them were ascomycetes, and the 
others were deuteromycete, or hyphomycete. 

The strain Altemaria alternata (Fr.) Keissler var. taxi Y. 
Xiang et Lu An Guo, 1011 isolated from the bark of more 
than 200-year-old Taxus cuspidata in the primeval forest of 
the Changbai Mountain Natural Reserve, can produces 
taxiods of type III. The reported compound and taxiods of 
type I (paclitaxel) are all taxiods, and its antineoplastic ac¬ 
tion should be further studied. 
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